ABSTRACT The asialoglycoprotein receptor from rat liver was purified by solubilization and affinity chromatography on asialoorosomucoid-Sepharose. The preparation yielded four distinct polypeptides of Mr 40,000-120,000. We prepared a monoclonal antibody that both immunoprecipitates solubilized receptor activity and blocks the binding of galactose-terminal glycoproteins to immobilized receptor. The monoclonal antibody and a rabbit antireceptor antiserum immunoprecipitated all four polypeptide species. Peptide analysis by two-dimensional chromatography of the individual 'MI-labeled species showed nearly identical patterns, which also suggested that the four polypeptides have a similar primary structure. To identify and quantitate the asialoglycoprotein receptor on the hepatocyte cell surface, intact cells were iodinated with lactoperoxidase, and the solubilized membranes were treated with antireceptor antibody. The Mr 55,000 and Mr 65,000 species were the major species found. Our results suggest that the Mr of the surface receptor is at least 55,000 and that it comprises between 1-2% of the iodinated hepatocyte surface protein.
Once the terminal sialic acid is removed, circulating serum glycoproteins are rapidly and specifically cleared from the circulation by a receptor-mediated process (1) . This receptor, localized to the hepatic parenchymal cell, is specific for galactoseterminal carbohydrates of glycoproteins (2) . Quantification of asialoglycoprotein receptors on the rat hepatocyte has been limited to functional binding studies, which suggest that this protein is an abundant species (3) with as many as 500,000 surface receptors per cell (4) . These receptors appear to represent a homogenous population with a Kd of approximately 10-9M (3, 4) . This receptor was purified after solubilization (with detergents) of an acetone powder of rat and rabbit liver and affinity chromatography. The major protein species in this preparation from rat liver has a Mr of -45,000 (5) . In addition, minor proteins were found with Mrs =54,000 and 58,000. The Mr 45,000 species has been presumed to be the receptor polypeptide (5 We report here one approach to the identification of the receptor protein, independent of functional ligand binding. A monoclonal antibody was raised against the asialoglycoprotein receptor protein. Studies with this antibody reveal that the asialoglycoprotein receptor is a protein of at least Mr 55,000. These results and also peptide mapping studies indicate that the lower Mr species are derivatives of this polypeptide. In addition, with the use of antiserum to the receptor, we have been able to quantitate the number of receptor molecules on the surface of the hepatocyte.
MATERIALS AND METHODS Purification of Receptor. Asialoglycoprotein receptor was purified essentially as described by Hudgin et al. (6) from a Triton X-100 extract of rat liver acetone powder. Affinity chromatography was performed with ASOR-Sepharose (0.3 mg/ml of gel) or asialofetuin-Sepharose (10 mg/ml of gel). Receptor activity was determined after a 30-min incubation at 37°C in 1 M NaCl/40 mM CaCl2/0.1% Triton X-100/100 mM Tris, pH 7.8 containing cytochrome c or bovine serum albumin (40 mg/ ml) and "2I-labeled ASOR (2 ,ug/ml), followed by ammonium sulfate precipitation (6) . The Peptide Analysis by Two-Dimensional Chromatography. Peptide analysis was carried out as described (10 
, dissolved at 4°C in 1% Triton X-100 in phosphate-buffered saline containing 1 mM phenylmethylsulfonyl fluoride and 0.1 mg of soybean trypsin inhibitor per ml and stored at -70°C. Immunoprecipitation with washed staphylococcal protein A was performed in phosphate-buffered saline with 1% Triton X-100 and 5 mg of bovine serum albumin per ml. The immunoprecipitated material was analyzed by NaDodSOpolyacrylamide gel electrophoresis and autoradiography.
RESULTS
The rat liver asialoglycoprotein receptor, purified by affinity chromatography on ASOR-Sepharose or asialofetuin-Sepharose contained at least four discrete polypeptide species (Fig. 1, scan  1 ). The receptor protein was approximately 60% (Fig. 1, band  A) Mr 40,000 species (equivalent to the Mr 45,000 species in ref.
2) and approximately 10-15% each OfMr 55,000, Mr 65,000 and Mr 100,000-120,000 species (bands B, C, and D, respectively). Isolation of the receptor in the presence of phenylmethylsulfonyl fluoride did not alter either the specific activity or the NaDodSO4polyacrylamide gel electrophoresis pattern. Furthermore, the presence or absence of2-mercaptoethanol during the electrophoresis gave .an identical pattern.
A monoclonal antibody was raised against the asialoglycoprotein receptor preparation. After screening with the fluorescence-activated cell sorter and "2I-labeled anti-mouse Fab fragments, positive cloned cell lines were raised as ascites. Fig.  2A shows the ability ofone such monoclonal ascites (Cll) to bind detergent-solubilized receptor. Here the solubilized receptor preparation was mixed with antibody. Antigen-antibody complexes were removed by using staphylococcal protein A, and residual receptor activity in the supernatant was quantified. There was no effect of either control ascites containing a monoclonal antibody against a different antigen [azophenylarsonate coupled to bovine serum albumin (8) ] or of staphylococcal protein A alone. An independent assessment of the potency and specificity ofthe ascites serum was the inhibition ofbinding 125I-labeled ASOR to immobilized receptor (Fig. 2B) Taken together, these data suggest that the monoclonal ClH is either directed against the ligand binding site on the receptor or against another site on the receptor protein, binding to which alters the configuration necessary for ligand binding;
All four polypeptides present in the preparation of '"I-labeled receptor were immunoprecipitated by the monoclonal serum (Fig. 1) . Each protein species was precipitated to nearly the same relative extent. Essentially no immunoprecipitation of "2I-labeled receptor was found with control monoclonal ascites or rabbit preimmune serum, whereas rabbit antiserum prepared against the receptor preparation also immunoprecipitated all four polypeptides (Fig. 1) . Therefore, either the four protein species are closely related (i.e., share the same monoclonal determinants) or are very tightly associated, despite the use of potent detergents, in immunoprecipitation mixtures.
Peptide mapping of the "2I-labeled polypeptides revealed that all four proteins have a similar primary structure (Fig. 3) . The trypsin and chymotrypsin digest of the polypeptides were resolved by paper electrophoresis at pH 3.5. Subsequent chromatographic analysis of individual peptides from parallel lanes revealed that the peptides that comigrated on electrophoresis indeed were identical (data not shown).
Analysis ofthe four individual protein species also was carried out by simultaneous partial protease digestion with staphylor coccal V8 protease or chymotrypsin according to Cleveland et al. (11) All proteolytic fragments generated from the four protein species exhibited the same relative mobility in NaDodSOJ polyacrylamide gel electrophoresis (data not presented).
Which of these polypeptides are present on the surface,.of hepatocytes and what fraction do they represent oftotal surface protein? To answer these questions, the surface of intact he- rabbit antiserum. Immunoprecipitation with anti-receptor antibody of "2I-labeled hepatocyte surface proteins revealed two major bands of Mr =55,000 and Mr =65,000 (Fig. 4) . Neither ofthese bands were present when preimmune or control serum were used, and immunoprecipitation of both of these species was specifically inhibited by the presence of 1 ,ug of purified receptor in the immunoprecipitation mixture. These species represent approximately 90% of the immunoprecipitated ma--terial. Of note is the small amount (5%) of radioactivity at Mr 40,000. Identical results were obtained with the monoclonal antibody ClH and control monoclonal antibody. DISCUSSION The asialoglycoprotein receptor of the rat hepatocyte was purified by affinity chromatography and characterized with an antireceptor monoclonal antibody and peptide analysis by two-dimensional chromatography. The receptor preparation is composed of four polypeptide species Of Mr 40,000, 55,000, 65,000 and 100,000-120,000, all ofwhich may contain the ligand binding site. Peptide analysis after digestion with trypsin, chymotrypsin,.or staphylococcal V8 protease has shown that all four species have a similar, if not identical, primary sequence. This suggests that the lower Mr proteins are proteolytic fragments of the native protein, although alterations in the carbohydrate or lipid content, or both, of certain species might alter their apparent Mrs. Consistent with this notion is our finding that the Mr 55,000 and Mr 65,000 polypeptides are the major species labeled on the surface of intact hepatocytes with " I and lactoperoxidase. This suggests that proteolytic processing of the liver receptor occurs during the solubilization or affinity chromatography steps of purification. It is presently not clear whether the receptor is a molecule Of Mr 55,000, Mr 65,000, or Mr 100,000-120,000. However, preliminary observations have demonstrated that association ofisolated Mr 55,000 or Mr 65,000 molecules will take place to form a species of apparent Mr of about 110,000 or 120,000 when it is boiled in NaDodSO4 solutions preparatory to electrophoresis (data not shown). The absence of additional 1251-labeled peptides in the Mr 100,000-120,000 species compared to the Mr 55,000 or Mr 65,000 species is consistent with the notion that the Mr 100,000-120,000 species are dimers of the lower Mr species. Consistent with this notion is the recent high-resolution NaDodSO4polyacrylamide gel electrophoresis (C. N. Steer and G. Ashwell, personal communication) which demonstrates three distinct bands in the Mr 100,000-120,000 region. Thus, it appears most likely that the asialoglycoprotein receptor ofrat hepatocytes is a molecule of at least Mr 55,000 and may represent two nonidentical subunits. The rabbit liver asialoglycoprotein receptor appears to be composed of two nonidentical subunits (Mr 40,000 and Mr 48,000) (12) . The This value is remarkably similar to that obtained. with anti-receptor antibody. Thus, it appears that the majority ofall surface receptor molecules are capable of ligand binding, and it has been possible to quantify a surface receptor protein independent of ligand binding. In addition, our anti-receptor monoclonal antibody will now permit detailed studies of receptor topology and biosynthesis.
